Introduction
Malaysia is a hot and humid tropical country that lies between 18 and 78 N and 1008 and 1208 E with a yearly mean temperature of between 268C and 278C 1 and has high-daytime temperatures of 29-348C 2 and relative humidity of 70-90% throughout the year.
As the society becomes more affluent, demands for air conditioning increases for both commercial and residential sectors. Unfortunately, institutional buildings e.g. schools and universities were not designed for air conditioning and air conditioners comes later, thus creating incompatible occupant behaviour for air conditioned spaces. It is also common practice to have the air conditioner with the desk fan or ceiling fan on as locals are sensitive to air movements. In recent years, Malaysia's energy consumption has increased; in 2002 the energy consumption was 2.8 MWh per capita. 3 Considering the average temperature for typical towns in Malaysia, it seems that air conditioning during office hours is a must for people living in a hot and humid climate like Malaysia, who wants thermal comfort in the building space during the day. Nevertheless, wherever possible it is important to explore the possibility of avoiding the use of air conditioning in residential houses, without compromising thermal comfort. 4 Based on the literature review, there are limited studies on thermal comfort in Malaysia before the 1990s. However, since 1990's with the increasing of energy usage in commercial sector, more research has been conducted in the area of thermal comfort to find means to provide comfortable indoor environments to reduce energy consumption and costs. A summary of the neutral temperatures and comfort ranges of subjects in the hot-humid regions is shown in Table 1 .
The local climate has a great influence on the indoor thermal environment. The building's characteristics influence the impact of outdoor climate and play a major role in controlling the indoor thermal conditions. 25 In buildings the usual controls available to occupants are doors, open-able windows, blinds and curtains, fans, central heating, electric or gas heaters, hot air blowers, and air conditioner. Windows are one of the major means by which building occupants control the indoor environment. If people are uncomfortable they will take actions -including the use of building controls -which they think will improve their comfort. In temperate climates the window is possibly the most common thermal control device in any building. 26 Most buildings are not equipped with suitable devices for natural and/or mechanical ventilation. In such cases, there is no IAQ control and air changes are only due to air infiltration through the cracks and the frame of windows and doors. When the amount of fresh air supplied by air infiltration is not enough to assure a satisfactory indoor comfort, the occupants themselves will, at times, operate a control by means of windows and/or doors opening (i.e. airing). In recent times, there has been an increasing interest in applying natural ventilation along with mechanical ventilation, provided windows and/or louvers are motorised and controlled, becoming, in this way, part of the ventilation plant itself. 27 The main objectives of this study are as follows:
To evaluate the indoor thermal comfort conditions of an air-conditioned office through different windows-door opening arrangements and to compare with that prescribed by ASHRAE standard 55-92 28 and ISO 7730. 29 To determine neutral temperatures in office for each condition, and To investigate occupants' perception of the level of thermal comfort in office via subjective approach.
Materials and methods
Experimental work was conducted in an office room at the 5th level of Mechanical Engineering Department office building (block A), Faculty of Engineering at University Putra Malaysia (UPM). The dimension of room was: 4.10 m by 3.80 m by 2.61 m height (Figures 1 and 2 ). The volume of room was 41 m 3 and its surface area was 15.6 m 2 . The office consists of three interior walls, interior floor and ceiling and one exterior wall with window area. The office is normally used by one person, but with a possibility to have meetings around a small round table with up to four people taking part.
The room was equipped with an independent air-conditioner and was fitted with one window area and one door. The dimension of the window area was: 2.11 by 2.45. Two bottom hung windows which were in the window area with the dimensions Width Â Height ¼ 0.47 m Â 1.1 m were mounted 60 cm below the ceiling. For these windows and one door at office room, 14 different opening arrangements were carried out, as shown in Table 2 .
Objective Approach
The thermal comfort level of the indoor environment is measured using a measuring physical quantities instrument (BABUCA) that was able to measure air velocity, relative humidity, dry bulb temperature and globe bulb temperature. Thermal comfort variables were measured at the same time when the All measurements were taken at a height of 1.1 m above the floor, which represents the height of the occupant at seated level. The instrument was placed at work plane level in the room at 1.5 m from the window IAQ metre located beside the BABUCA and these measurements were carried out at one point in the middle of the office. The samples were recorded at one minute intervals.
In this study, the metabolic rate is set to be 1.2 met 29 which is sedentary activities (office, dwelling, school, laboratory) whereas the Clo-value (thermal resistance) is set to be 0.5 where the males were wearing underpants, shirt with short sleeves, light trousers, light socks and shoes. The females were wearing 'baju kurong' (Figure 3 ) which is cotton or silk with light cotton undergarments and a lightweight scarf.
BABUCA and IAQ metre located inside the office and one sampling location inside the room (the middle of the room) was considered. The sampling location inside the room was at a height of 1.1 m above the floor. The experiment protocol was as follows: at the beginning windows and door were closed, whenever BABUCA and IAQ metre started measuring physical quantities, one of 14 different opening arrangements was carried out. The indicator of human thermal comfort is technically called the thermal comfort index. 30 The most widely used thermal comfort index is the Predicted Mean Vote (PMV) index, which was developed by Fanger 31 who has produced a set of equations which includes para metres that influence thermal comfort. Parametres include air velocity, relative humidity, metabolic rate, etc. The precision of the test method was determined by thermal comfort para metres measurements, several times for each condition, the mean coefficient of variation of the several duplicated tests for PMV-PPD was 1%.
Subjective measurements
Subjective thermal comfort data were recorded using a questionnaire; the questionnaire developed for this survey was divided into four main sections: A sample size of 60 subjects, all staff, took part in the survey. The staff were given 1 h to answer the questionnaire and to return it. The dominant gender distribution sampled was male (66.6%). The total response rate was 100%. Prior to the survey, the subjects would have been seated at their chairs for $30 min, 32 with mostly sedentary activities. Sufficient time for body precondition in each survey was necessary to maintain the respondent's metabolic rate (M) at the same level throughout the study, which was estimated to be equal to 1.2 Met.
During the experimental work and while conducting the survey for all of the 14 conditions, the air conditioner was on.
Results and discussion

Evaluation of the thermal comfort
The thermal comfort para metres and outside air measurements are presented in Table 3 and Figures 4-10 show Predicted Percentage of Dissatisfied (PPD) as a function of PMV for an air-conditioned office.
Data analysis based on simulation with reference to the ISO 7730 and ASHRAE 55-92
From the analysis resulting from the measurement from 9.00 a.m. to 5.00 p.m. (working hours) using InfoGap and Microsoft Excel, the microclimate indices calculation in moderate environment shows that the ranges of PMV for Air-Conditioned office for the 14 conditions was between À2.5-1.3 as shown in Table 3 . The comfort range was taken to be the conditions when the PMV has the values between À1 and þ1. Results showed that the office is within the comfort range during working hours for most of the conditions in the office.
The PMV for condition B (Two windows closed, door closed) are between À2.5-(À2.1) and the percentage of people dissatisfied PPD ranged between 80% and 100% as shown in Figure 4 (a). The comfort range was taken to be the conditions when the PMV has the values between À1 and þ1. This result shows that 80-100% of the occupants felt thermally uncomfortable in the office space during sedentary activities at that period of time. In condition X (Two windows opened, door closed), PMV was in the range of 0.7-1.3 and PPD is 16-40% (Figure 4(b) ). It showed that sometimes the office was uncomfortable with an average temperature and relative humidity of 29.98C and 66%, respectively, these are more than the recommended by ASHRAE Standard 55-92.
In condition Y and I (Windows no.1 and no. 2 half opened and window no.1 fully opened, window no.2 closed, door closed), PMV are in the range of (À0.1)-(À1) and (À0.8)-(À1.1), PPD are 6-25% and 19-30%, respectively. These showed that that the office is thermally comfortable during this period of time for condition Y with an average temperature and relative humidity of 25.6 and 60%, respectively. It found that the office was thermally comfortable for the majority of the time during the day in condition I, but sometimes it was uncomfortable.
The PMV are between (À2.1)-(À1.7) and (À0.9)-0.8 for conditions J (Window no.1 half opened, window no.2 closed, door closed) and K (Window no.2 fully opened, window no.1 closed, door closed) and the percentage of people dissatisfied (PPD) was 60-80% and 19-22%, respectively.
The PMV is (À1.6)-(À2) for condition L (Window no.2 half opened, window no.1 closed, door closed) and PPD is 55-75% (Figure 7(a) ). More than half of the occupants did not feel thermally comfortable during working hours in office. The average temperature during the period is 22.868C and the relative humidity is 63.2%. For condition D (Two windows closed, door opened) PMV is between (À1.3)-(À1.5) and PPD is 40-50% (Figure 7(b) ).
The PMV was 0.9-1.3 for condition AB (Two windows opened, door opened) and PPD was 22-40% (Figure 8(a) ). The average temperature during the period was 28.58C and the relative humidity was 69.1%. The temperature and relative humidity are not within the recommended range for ASHRAE Standard. In condition AC1 (Windows no.1 and no. 2 half opened, door opened), the PMV was in the range of 0.3-0.8 and PPD was 8-19% (Figure 8(b) ). The office was thermally comfortable with an average temperature of between 23.78C and relative humidity of 59.9%, these are well within the limits recommended by the ASHRAE Standard 55-1992.
In conditions Q, R, S and T PMV are in the range of 0.5-0.9, (À0.5)-0.8, 0.3-1, and (À0.4)-0.6, respectively. In these conditions the office was thermally comfortable.
The ASHRAE Standard 55-1992 states that the comfort zone for summer conditions in cold countries air temperature to be between 238C and 268C and relative humidity between 20% and 60%. The office is within the comfort range based on the ASHRAE Standard 55-1992 during working hours under these conditions (refer to Figure 4(a) ): Y, R, T, AC1, S, K and Q. 12 In this study, the neutrality temperatures for 14 conditions were between 26.6-27.58C, details are listed in Table 3 .
Based on 33 equation, for 90% acceptability for thermal comfort suggested is T n AE 2.5 K and 80% acceptable for comfort suggested T n AE 3.5 K. A total of 80 and 90% acceptability for each condition are given in Table 3 .
Evaluation of carbon dioxide
The concentration of carbon dioxide in the office varied between conditions as listed in Table 4 . The major source of CO 2 in an office room is from the occupants. There is a discernable pattern with the build-up of concentration of carbon dioxide starting at 9 a.m. in the morning as staff come to work and begin to decay as staff begin to leave the office. This is observed at all the conditions in the office that the concentration of carbon dioxide ranged between 307 and 506 ppm. Among the 14 cases, the office in controlled condition (Two windows closed and door closed) had the highest air concentration of carbon dioxide, higher values in these range are well below the ASHRAE standards 34 recommended value of 1000 ppm for an 8-h period exposure for 14 conditions. The increase in concentration level of CO 2 during working hours is attributed to the staff in the office. There is a relatively good distribution of fresh air over the conditioned air-space and the ventilation rate is sufficient. The maximum concentration of 580 ppm indicates that the fresh air provision is more than adequate to ventilate the staff room.
Subjective assessment
Assessment of thermal comfort in the office was based on responses to a questionnaire survey, which was administered simultaneously with the physical measurements in each condition. A total of 60 respondents participated in the survey for each condition, out of which 40 were female and 20 were male. They were from different offices. The basic demographic data of the respondents are summarised in Table 5 . Figure 11 shows the type of clothing of staff in the office during working hours. Around 90% of female and 100% of male were wearing baju kurong ( Figure 3 ) and long pants and a short sleeved shirt. In respect to afore mentioned, equivalent Clo-value is set to be 0.5. Table 6 shows the profile of Thermal Vote cast on the ASHRAE scale for the office room at all conditions. From the relative frequency of votes in each category, it can be seen that in the most conditions the thermal vote centered around À2 (cool) and À1 (slightly cool).
Type of clothing worn
Analysis of votes on ASHRAE scale
Adaptive behaviour
Of all available controls, air-conditioner, windows and clothing have the biggest effects on indoor climate in mechanically ventilated office in most of conditions. On an average, 100% of the total responses in all of conditions reported turning off the air-conditioner when the office was cold and 100% turning it on again when office was warm. Average, 92.8%, 53.3% of the total responses reported open windows, when office was cold or when it was warm because of switching off the air-conditioner, respectively. The third option was taking a garment off. Figure 12 explains the list of adaptive actions that commonly occurred in the office for condition B (Two windows closed, door closed) as a sample graph and the percentage of people who choose to employ them for this condition.
Assessment of air quality
The main types of complaint from the staff for condition B are breezy and humid air, details are shown in Figure 13 and Table 7 , these reflect the opinions of the staff on the air quality in the office room for 14 windowsdoor opening conditions. ASHRAE Standard 62 defines acceptable air quality as conditions in which more than 80% of people do not express dissatisfaction. Analysis of distribution of air quality show that most of the staff in the majority of the conditions meets the intent of this standard and the information obtained from the measurements and questionnaires show that office room has good air quality. In most conditions staff were satisfied with the air quality, therefore air quality in the office room was within tolerable limits for staff.
Discussions
Results obtained from complaints of staff on physical parametres in all of conditions consistent with the fact that most of the staff Figure 11 Type of clothing worn expressed that the office had an acceptable air exchange rate. This is due to the adequate supply of fresh air and the mechanical air diffusion system had good performance in exchanging the old air with fresh air and opening windows and door improved air exchange rate. The windows and doors open bear correlation with improving airflow pattern 35, 36 in the office and this is in agreement with other research. Adequate ventilation will give rise to a good indoor air quality; hence the subjective assessment showed that air quality in the office room was within tolerable limits for staff.
The calculated PMV and PPD indices by BABUCA indicating that the occupants perceived the room to be neutral in most of the conditions, but adaptive behaviour allows the occupants to control their own local thermal environment by adjusting and doing adaptive action.
Results obtained from the survey showed that in the most conditions the thermal vote centred around À2 (cool) and À1 (slightly cool) and a large percentage of staff voting at the warmer categories for founding their thermal state acceptable. Results of these study suggest a wider thermal comfort range for Malaysians than that proposed by international standards i.e. ASHRAE Standard 55, which indicates that Malaysians are acclimatised to much higher environmental temperatures. This finding is similar to the finding of other studies in Malaysia 17, 22, 11 and the surrounding regions, [9] [10] [11] [12] 20, 21 therefore adopting the international standards for interior comfort conditions for the Malaysian hot and humid tropical climate may lead to overcooling and energy waste. The result of this study is also in line with 37 and the current revisions to ASHRAE standard 55 that will include a new adaptive comfort standard (ACS) that allows warmer indoor temperatures for naturally ventilated buildings in warmer climate zones.
The MS standard 1525-2001 cites the indoor condition of an air-conditioned space No. of complaint (%) Figure 13 Complaints from staff on physical parametres (condition B)
for comfort cooling shall be designed and maintained as follows based on 38 : Recommended design dry bulb temperature: 23-268C and recommended design relative humidity: 60-70%. In most of conditions, the office space is within the comfort range based on MS. 38 It can be observed that the state of temperature for air-conditioned office in most of conditions are within the thermal comfort of 23-268C from the guideline given by Malaysian Energy Efficient Guideline, 39 thus thermal comfort during office hours from air-conditioned office according to 39 for most of the conditions was achieved.
Indoor thermal comfort can be improved significantly by controlling window-door opening appropriately in accordance with the temporal variations of indoor and outdoor climates.
Conclusions
The comfort range was determined to be the conditions when the PMV has the values between -1 and þ1, based on ISO 7730. Thermal Comfort study of the office showed that in most of conditions, PMV and PPD indices for air-conditioned office is within these ranges. Thermal Comfort study of the office showed that in most of conditions, the office had thermal conditions falling within the comfort zone of ASHRAE standard 55. Occupants of air-conditioned office expressed satisfaction with indoor climate conditions well outside of the boundaries set by the ASHRAE standard's comfort zone. Occupants found a temperature range beyond the comfort zone acceptable. This study shows that the acceptable temperatures, implying that the ASHRAE standard 55-92 is not applicable in the office in a hot and humid climate. This finding is similar to the findings of other studies in Malaysia and the surrounding regions. In all the studies that have been conducted in hot-humid climates neutral temperatures are higher than 24.58C as recommended by ASHRAE. Results of this study suggest a wider thermal comfort range for Malaysians than that proposed by international standards, which indicated that Malaysians are acclimatised to much higher environmental temperatures. The information obtained from questionnaires and monitoring of the concentration of carbon dioxide show that the office has good air quality in most conditions. Indoor thermal comfort can be improved significantly by controlling windows-door opening appropriately in accordance with the temporal variations of indoor and outdoor climates. Results of this study showed that, when outside air velocity is more than inside, hence with opening windows and door, inside air velocity will be increased, then thermal comfort is increased. If the staff is dissatisfied with the uncomfortable condition, they prefer to take some corrective actions, which can be classified in general as personal and environmental adjustments. Personal adjustments such as: getting more drink, changing clothes and environmental adjustments are active controls such as opening windows, door, etc. From this research, it is revealed that windows-door opening arrangements are applied if the outdoor temperature is lower than indoor temperature, and 
